Given the Gibb's potential in the following form
and assuming a priori that the inelastic strain is an independent parameter (and not an internal state variable), for example ,7i_qj+ f-I(c,.y)-Z(T)-_k_ ,,..
an expression for the total strain rate can be obtained by differentiating, that is,
as well as the rate of change of the conjugate internal variables (A(),
where _02v _a2g(_ij)
are the external and internal compliance operators, respectively. Note the three terms in equation
may then be identified as the reversible, irreversible (inelastic), and thermal expansion components of the total strain rate, respectively. Thus, where _,j= _,_ + q_+ _,_
and ;_ = c,.,,. 
Thus, equations (11) and (12) Consequently, the Gibb's potential may be written as
and the dissipation potential as
Note that in the precedingexpression forthe dissipation potential, the stress dependence,both external and internal, enters through the scalar functions F and G in the form of effective (Eli) and internal (aij) deviatoric stresses, respectively. Furthermore, the function F acts like a threshold surface, because when F < 0, no inelastic strain can occur. Clearly, this threshold value is dictated by the magnitude of both the drag strength (_) and yield stress (Y). A unique aspect of this model is that the internal variable representing the yield stress is specifically taken as a special scaled function of the back stress and drag strength. Consequently, this allows for 1) the model to possess features of a model with three internal variables yet without any additional computational cost, and 2) the presence of an induced strain recovery term (as opposed to the common 'ad-hoc' introduction of such terms) in the evolution of the back strain (i.e., the associated conjugate variable, A_). It is important to reMize that the product gY constitutes the radius of the initial threshold surface (see Fig la) , thereby dictating from physical arguments, that both Y and _ be always positive valued. Furthermore, given the spe_ifed form of Y in equation (18), it is dear that the materiM parameter ratio (/_/_) will dictate the limit value (i.e., when Y=0) of the internal stress (aij), or the cut-off limit for dynamic recovery.
By selecting the preceding scalar functions, a general yet complde potential-based model, with associated flow and evolutionary laws can be constructed. The second invariants, J2 and 12 , are also scaled for tension. These invariants could just as easily have been scaled for shear by replacing the coefficient 3/2 with 1/2, and modifying the definition of the magnitude of the inelastic strain rate that follows. Also, it should be stated that the linear form of F and Y in equations (17) and (18) was chosen in order to allow algebraic manipulation and analytical solution of the resulting expressions (e.g., inversion of the flow law), so as to ease the characterization stage of the model, as discussed subsequently in sections 4.1 and 4.2. Note, however, that the quadratic form of F and Y does provide some additional interesting features in the model as discussed previously by Arnold et al. [3] .
Finally, it is interesting to note the close similarity between the present assumed form of the threshold surface F of equation (14) to that used by Lemaitre and Chaboche [13] in the context of inviscid plasticity. The significant difference between the two forms is that Lemaitre and Chaboche [13] utilized a nonassociated format; the form similar to equation (14) was taken to affect only the directions of inelastic and internal state, whereas a classical J_ form was employed to control yielding (i.e., the consistency condition).
In the present fully associative case, the same threshold surface F is used to affect both yielding, and the direction of inelastic and internal state.
Taking the appropriate derivatives of both 4, and f_ as indicated in equations (2) through (14), one obtains the multiaxiai isothermal specification particular to the present constitutive model. Here the decomposition of the total strain rate is that of equation (7), where the reversible strain rate is given by equations (8) and (9) and the irreversible (or inelastic) component is defined by the following flow law: 
The internal constitutive rate equation is always given by hij = Li_,, J4r, while the evolutionary law for the back strain rate is given by :
during internal loading and
during internal unloading, as indicated by the inequality aijEq < 0 . The internal stiffness operator is defined as and the flow and evolutionary laws, respectively, become and Table 1. and _ is the total uniaxial strain rate. These relaxation trajectories are obtained from equations (37) and (40) by imposing a constant total strain rate (i.e., e-0), thereby implying that _=_ (a, a). Figure 2 illustrates the state space representation associated with equations (37), (38) and (39), and the material parameters given in Table 1 . immediately, a number of qualitative features of the first and third quadrants of the state space can be deduced from equations (37) and (40). For example, the locus of steady state (or fized) points in creep, denoted by line ab in Fig. 2 is obtained by imposing the condition S= 0 on equations (40). Mathematically, such a condition is obtained when
O"
and is denoted as the locus of steady state creep. The associated steady state creep rate is
Secondly, the locus of maxima in stress (i.e., & = 0) during relaxation (e" --0) occurs when
and is denoted by line ac in Fig. 2 
Characterization
The most important, and often times most difficult, aspect of modeling the behavior of a given material at elevated temperature is obtaining the required material functions, e.g., f(F) and g(G), and material parameters. The difficulty associated with this process typically stems from not only the variety in mathematical forms for the material functions (e.g., power law, exponential, hyperbolic sine, etc.), but also the fact that given the material functions there is not a unique set of material parameters for any given load path. Therefore, numerous iterations and difficult compromises are required before a final set of material parameters, for the assumed material functions, can be obtained.
With the present isothermal GVIPS model, nine material parameters need to be determined, as given in Table 1 : three are associated with the flow law (i.e., g, #, and n); three with the nonlinear hardening operator, (i.e., B0, B1, and p); two with the internal thermal recovery term (i.e., Re, and q); and one with the dynamic recovery term (i.e., j3). Both elastic and inelastic material parameters given in Table 1 correspond to the reference temperature (T,e!) of 650°C. This temperature was chosen as the reference temperature because at 650°C the materi_ exhibits cyclically neutral behavior and thus supports the use of a purely kinematic model, ttere a brief outline of the characterization process is given, with a more complete discussion regarding both exploratory and characterization testing given by Arnold [10] and Castelli et al. [19] . Upon obtaining these data pairs, one may take the natural logarithm of both sides of equation (45) and determine R_ and q from the ordinate intercept and slope, respectively, of the resulting ln-ln plot.
The above outlined procedure can easily be applied to obtained an initial set of required material parameters. This set must, however, be further optimized to obtain a final set of material parameters figure 8 . Here the GVIPS (solid line) simulation is seen to significantly under-predict, the accumulated inelastic strain as compared with the experimental data (denoted by the symbols). This is not surprising, however, given the fact that the model under-predicts the creep behavior at 72 MPa (see Fig. 4 ) and that this test was performed under constant load and not constant stress as was the simulation.
As a consequence of the constant load controlled creep test, the experimental results have both additional geometric effects and possibly creep damage (thereby leading to tertiary creep) included in them. Neither of these factors have been included in the numerical simulation. The influence of these factors is particularly evident during the third step, where the inelastic strain rate during the experiment is significantly greater than that simulated (cf. _r = 128 MPa in Fig. 4 ).
Lastly, a classic plasticity-creep interaction experiment was performed and simulated to illustrate the need for a unified viscoplastic formulation.
Here the material is subjected to an overload prior to performing a creep test at a lower stress value, as shown in Fig. 9 . Typically, as is found here, the initial creep response following the overload is significantly reduced when compared to that produced from a pure creep test at this lower stress amplitude, see Fig. 10 . Once again comparing the numerical simulation (of the GVIPS model) to that of the experimental results one observes reasonable overall agreement. Although, the amount of total accumulated creep strain at the end of the test, i.e., 72000 seconds, is significantly under estimated, the initial reduction in primary creep rate, due to the overload, is extremely accurate during the first 800 seconds and good over the first hour of creep loading, thus fulfilling our primary objective.
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Figure 7: GVIPS and BP simulations versus cyclic behavior of TIMETAL 21S [18] . Creep Time (s) Figure I0 : Plasticity -creepinteration test:illustrating theinfluence of priorhistory on inelastic response.
GVIPS vs. BP Model
Reviewing figures 3 through 10 it is evident that the present GVIPS model in conjunction with the material parameters of Table 1 does a very good overall job of simulating the short term and small strain behavior of TIMETAL 21S at 650°C. In an attempt to assess the relative quality of these correlations and predictions as well as the numerical efficiency of the present model, an alternative and commonly employed unified viscoplastic model was implemented into our in-house Inelastic Deformation Analysis Code (IDAC). The full multiaxial, nonisothermal formulation of the Bodner-Partom (BP) model, given in [5] was chosen as the alternative model because it too has been characterized for the titanium matrix TIMETAL 21S. The specific tests employed to characterize this model are unknown to the authors, thus all of the previous loading conditions will be investigated and assumed to be predictions.
Figures 11 through 15 illustrate the tensile, creep, cyclic, an_relaxation behavior predictions of the BP model at 6500C. The corresponding GVIPS simulations are also included in these figures for ease of comparison. Examining Fig. 11 it is apparent that at the higher strain rates (8.33x10 -s and 8.33x10 -4) the BP model does a better job of predicting the saturated stress values at 0.01 strain than does the GVIPS model. However, at the lower strain rates the BP model does a poorer job in representing the knee (or transient portion) of the tensile curves. This poorer simulation by the BP model of the time dependent behavior is further illustrated in Figs. 12, 14, and 15, wherein the creep and relaxation behavior is compared with the GVIPS simulations. Clearly, both the primary and secondary creep rates differ greatly and disagree with the experimental observations.
Similarly,-the short and mid term BP relaxation response is inaccurately predicted in Figs. 14 and 15 as compared with the more accurate GVIPS simulations.
This inferior performance in creep and relaxation is not unexpected as the BP model is known for its ability to predict the rate-dependent tensile and cyclic response of a material and not the time-dependent creep and relaxation behavior. The significance of this failure to adequately 
